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(54) Recording/reproducing apparatus and method using accurate recording/reproducing clock 
signal 



(57) A period accumulating portion (50) inputs a ref- 
erence clock (Clock 2) and a wobbling pulse 
(WBLPOLJ) obtained by binarizing a wobbling signal 
extracted from a reproduction output from a DVD, and 
accumulates and counts reference clocks (Clock 2) in 
an interval of predetermined periods of the wobbling 
pulses (WBLPOLJ) so as to obtain a count value (m). 
An average period detecting circuit (52) obtains an av- 
erage count value (n) corresponding to the interval of 
an averaged period of the wobbling pulse by dividing a 
count value of the reference clock (Clock 2) with a 



number of the predetermined periods. A divider (54) 
generates a wobbling pulse (WBLPOL_0) having a con- 
stant period, deprived of a period fluctuation due to a 
prepit by dividing the reference clock based on the av- 
erage count value. The phase of that generated wob- 
bling pulse (WBLPOL.O) having the constant period is 
matched with the phase of a land prepit (LPP) by a LP- 
p window generating circuit (53), a phase comparator 
(61), an AC phase shifter (62) and a PLL circuit (63), 
and the wobbling pulse, whose phase is matched, is out- 
putted as a recording/reproducing clock signal (VvT- 
CLK). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to recording/re- 
producing apparatus and method preferable for appli- 
cation to a DVD reproducing apparatus and DVD re- 
cording/reproducing apparatus for carrying out record- 
ing and reproduction on an optical disc such as DVD-R, 
DVD-RW and the like. 

2. Description of the Related Art 

[0002] Conventionally, a write-once optical disc called 
compact disc-recordable (CD-R) has been widely pre- 
vailed as an optical disc capable of recording data. Wob- 
bling grooves are formed in a data recording region of 
the CD-R such that they meander slightly depending on 
awobbling signal indicating absolute position informa- 
tion or the like on a disc face. Data is recorded along 
this wobbling groove (the wobbling groove serves for a 
recording track). 

[0003] When recording data in this recording track, a 
wobbling signal is detected from the wobbling groove so 
as to obtain absolute position information on the disc 
face, so that the data can be recorded at a target record- 
ing position appropriately. 

[0004] Upon detecting the wobbling signal from the 
wobbling groove, reflected light of beam irradiated to the 
wobbling groove is received by a photo detector, whose 
entire light receiving region is divided to two parts with 
a dividing line optically parallel to a tangent line of the 
wobbling groove, and a differential of output from differ- 
ent light receiving regions is obtained and then, this dif- 
ferentia] signal is supplied to a band pass filter (BPF), 
in which a frequency (22.05 KHz) of a carrier of the wob- 
bling signal is a central frequency. Consequently, the 
wobbling signal is detected form the wobbling groove. 
[0005] When recording data in a recording track of the 
CD-R, a rotating operation of the CD-R is controlled so 
that the frequency of a wobbling signal extracted 
through the BPF turns to the predetermined frequency. 
Further, the wobbling signal extracted through the BPF 
is used as a reference signal for generating the record- 
ing clock signal. 

[0006] The wobbling signal is continuous signal con- 
taining a frequency component synchronous with a ro- 
tation of the CD-R. Therefore, if a clock signal synchro- 
nous with the phase of this wobbling signal is generated 
with such wobbling signal as a reference signal, the 
clock signal used for recording accurately synchronous 
with a rotation of the CD-R can be generated. 
[0007] In the meantime, improvement of recording ca- 
pacity has been aggressively considered in the field of 
the write-once optical disc such as the CD-R. In recent 
years, development of digital versatile disc-recordable 



(DVD-R) has been accelerated as the write-once optical 
disc having a recording capacity about seven times that 
of the CD-R. 

[0008] In the DVD-R, the pitch between adjacent re- 

s cording tracks is substantially half that of the CD-R in 
order to increase the recording capacity aiming at inten- 
sifying the recording density. For the reason, when the 
wobbling signal is detected, a cross-talk is generated 
from right and left wobbling grooves located adjacent 

10 each other, so that the amplitude and phase of the wob- 
bling signal may be fluctuated. Particularly, there occurs 
a problem that the wobbling signal in which the phase 
thereof is fluctuated by an influence of the cross-talk dis- 
ables generation of a recording clock signal accurately 

15 synchronous with the rotation of the DVD-R. 

[0009] As a method which solves such a problem and 
generates a recording clock signal accurately synchro- 
nous with the rotation of the DVD-R, according to Jap- 
anese Patent Application Laid-Open No. H 10-293926, 

20 a difference in phase between the wobbling signal and 
a prep it signal from a prep it generated in land between 
adjacent grooves is detected and then, the difference in 
phase of the recording clock signal is adjusted based 
on this phase difference signal. 

25 [0010] In the DVD-R, the prepit is generated in land 
between adjacent wobbling grooves corresponding to a 
prepit signal indicating absolute position information or 
the like on the disc face. By detecting the prepit signal 
from this prepit so as to obtain the absolute position in- 

30 formation on the disc face, data can be recorded appro- 
priately at a target recording position. 
[0011] The prepit is recorded having a predetermined 
relation in phase with the wobbling signal and generated 
between adjacent lands such that the prepits do not 

35 overlap in the disc diameter direction. Therefore, the 
prepit signal detected from the prepit is not affected by 
the cross-talk. 

[0012] According to technology disclosed in the afore- 
mentioned Japanese Patent Application Laid-Open No. 

40 H1 0-293926, by making effective use of the prepit signal 
when generating the recording clock signal, even if the 
wobbling signal is fluctuated in its time axis due to an 
influence of the cross-talk, the recording clock signal 
generated based on this wobbling signal is corrected ap- 

^ propriately. As a result, a recording clock signal accu- 
rately synchronous with the rotation of the DVD-R is ob- 
tained. 

[0013] In the aforementioned DVD-R, when detecting 
the wobbling signal, the period of the wobbling signal is 

50 fluctuated by an influence of the prepit generated in a 
land adjacent the wobbling groove. 
[0014] On the other hand, in the recording clock signal 
generating apparatus disclosed in Japanese Patent Ap- 
plication Laid-Open No. H1 0-293926, a BPF, which em- 

55 ploys the frequency of a carrier of the wobbling signal 
as its central frequency, is used as a wobbling signal 
extracting means and a BPF output is binarized so as 
to extract the wobbling signal. 



2 



<EP 1 1 70745 A2_l_> 



3 



EP 1 170 745 A2 



4 



[0015] However, because in case of the DVD-R, the 
aforementioned prepit is generated such that it appears 
at every 16 periods of the wobbles in the wobbling 
groove and that further, the prepit appears on both sides 
of the wobbling groove, the period fluctuation of the bi- 
nary signal produced by binarizing through the BPF is 
increased, so that an appropriate recording clock signal 
becomes difficult to generate. 

[001 6] Although a phase locked loop (PLL) circuit may 
be used for removing an influence by the prepit, if it is 
intended to remove the influence of the prepit using the 
PLL circuit, it is difficult to set up a range in which the 
PLL circuit is placed and further, the PLL circuit may 
make complicated the entire circuit structure of the re- 
cording clock signal generating apparatus. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been achieved in 
views of the above-described problem and therefore, an 
object of the present invention is to provide recording/ 
reproducing apparatus and method capable of obtaining 
an accurate recording/reproducing clock signal by re- 
moving an influence of the prepit upon the wobbling sig- 
nal with a simple structure. 

[0018] To achieve the above-described object, there 
is provided a recording and reproducing apparatus for 
recording and reproducing information in and from a 
disc-like recording medium including recording tracks 
each wobbled according to a predetermined frequency 
and information recording portions in which at least ad- 
dress information is recorded at a predetermined wob- 
bling period interval, the recording and reproducing ap- 
paratus comprising: wobbling signal extracting means 
for extracting a wobbling signal from a reproduction out- 
put from the disc-like recording medium; reference clock 
generating means for generating a reference clock hav- 
ing a period shorter than the period of the wobbling sig- 
nal; count means for binarizing the wobbling signal ex- 
tracted by the wobbling signal extracting means to ob- 
tain a wobbling pulse and for counting and accumulating 
the number of pulses of the reference clock from the ref- 
erence clock generating means for predetermined peri- 
ods of the wobbling pulse to obtain a count value; divid- 
ing means for obtaining an average count value corre- 
sponding to an interval of an averaged period of the 
wobbling pulse by dividing the count value from the 
count means with the number of the predetermined pe- 
riods; and wobbling pulse generating means for gener- 
ating a wobbling pulse having a constant period as a 
recording and reproducing clock signal by dividing the 
reference clock based on the average count value. 
[0019] According to a preferred embodiment of the 
present invention, at every second predetermined peri- 
ods of the wobbing pulse, processing with the count 
means and the dividing means are carried out so as to 
update the average count value. 
[0020] According to another preferred embodiment of 



the present invention, at the time of change-over from 
recording of information to reproduction and change- 
over from reproduction of information to recording, up- 
dating of the average count value is not carried out for 

5 a predetermined time. 

[0021] According to still another preferred embodi- 
ment of the present invention, the count means starts 
accumulation and count of the reference clocks from a 
beginning of a wobbling pulse at a timing immediate be- 

10 fore a wobbling pulse at a timing corresponding to a de- 
tection of the information. recording portion. 
[0022] According to other preferred embodiment of 
the present invention, the recording and reproducing ap- 
paratus further comprises a phase adjusting means for 

15 adjusting the phase of the generated wobbling pulse 
having the constant period with respect to a recording 
timing of information recorded In the information record- 
ing portion. 

[0023] To achieve the above-described object, there 

20 js provided a recording apparatus for recording informa- 
tion in a disc-like recording medium including recording 
tracks each wobbled according to a predetermined fre- 
quency and information recording portions in which at 
least address information is recorded at a predeter- 

25 mined wobbling period interval, the recording apparatus 
comprising: wobbling signal extracting means for ex- 
tracting a wobbling signal from a reproduction output 
from the disc- 1 ike recording medium; reference clock 
generating means for generating a reference clock hav- 

30 jng a period shorter than the period of the wobbling sig- 
nal; count means for binarizing the wobbling signal ex- 
tracted by the wobbling signal extracting means to ob- 
tain a wobbling pulse and for counting and accumulating 
the number of pulses of the reference clock from the ref- 

35 erence clock generating means for predetermined peri- 
ods of the wobbling pulse to obtain a count value; divid- 
ing means for obtaining an average count value corre- 
sponding to an interval of an averaged period of the 
wobbling pulse by dividing the count value from the 

40 count means with the number of the predetermined pe- 
riods; and wobbling pulse generating means for gener- 
ating a wobbling pulse having a constant period as a 
recording clock signal by dividing the reference clock 
based on the average count value. 

45 [0024] To achieve the above-described object, there 
is provided a reproducing apparatus for reproducing in- 
formation from a disc-like recording medium including 
recording tracks each wobbled according to a predeter- 
mined frequency and information recording portions in 

50 which at least address information is recorded at a pre- 
determined wobbling period interval, the recording and 
reproducing apparatus comprising: wobbling signal ex- 
tracting means for extracting a wobbling signal from a 
reproduction output from the disc-like recording medi- 

55 um; reference clock generating means for generating a 
reference clock having a period shorter than the period 
of the wobbling signal; count means for binarizing the 
wobbling signal extracted by the wobbling signal ex- 
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tracting means to obtain a wobbling pulse and for count- 
ing and accumulating the number of pulses of the refer- 
ence clock from the reference clock generating means 
for predetermined periods of the wobbling pulse to ob- 
tain a count value; dividing means for obtaining an av- 
erage count value corresponding to an interval of an av- 
eraged period of the wobbling pulse by dividing the 
count value from the count means with the number of 
the predetermined periods; and wobbling pulse gener- 
ating means for generating a wobbling pulse having a 
constant period as a reproducing clock signal by dividing 
the reference clock based on the average count value. 
[0025] To achieve the above-described object, there 
is provided a recording and reproducing method for re- 
cording and reproducing information in and from a disc- 
like recording medium including recording tracks each 
wobbled according to a predetermined frequency and 
information recording portions in which at least address 
information is recorded at a predetermined wobbling pe- 
riod interval, the method comprising the steps of: ex- 
tracting a wobbling signal from a reproduction output 
from the disc-like recording medium; generating a ref- 
erence clock having a period shorter than the period of 
the wobbling signal; binarizing the extracted wobbling 
signal to obtain a wobbling pulse; counting and accu- 
mulating the number of pulses of the reference clock for 
predetermined periods of the wobbling pulse to obtain 
a count value; obtaining an average count value corre- 
sponding to an interval of an averaged period of the 
wobbling pulse by dividing the count value with the 
number of the predetermined periods; and generating a 
wobbling pulse having a constant period as a recording 
and reproducing clock signal by dividing the reference 
clock based on the average count value. 
[0026] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In the accompanying drawings: 

Fig.1 is a diagram showing the structure of a DVD- 
R for use in a disc recording/reproducing apparatus 
according to an embodiment of the present inven- 
tion: 

Fig. 2 is a diagram showing an example of format on 
the DVD-R; 

Fig. 3 is a diagram showing a relation between a 
wobbling groove and a pre-pit formed in the DVD-R; 
Fig. 4 is a block diagram of an entire disc recording/ 
reproducing apparatus according to an embodi- 
ment of the present invention; 
Fig. 5 is a block diagram of a wobbling pulse ex- 
tracting portion provided in the disc recording/repro- 
ducing apparatus according to an embodiment of 
the present invention; 



Fig. 6 is a diagram for explaining a cycle deviation 
of the wobbling pulse outputted from a BPF provid- 
ed in the disc recording/reproducing apparatus ac- 
cording to an embodiment of the present invention; 
5 and 

Fig.7 is a diagram for explaining a cycle deviation 
of the wobbling pulse whose cycle deviation is cor- 
rected by the wobbling pulse extracting portion pro- 
vided in the disc recording/reproducing apparatus 
according to an embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] The recording/reproducing apparatus and 
method of the present invention can be applied to a disc 
recording/reproducing apparatus for recording/repro- 
ducing data in the DVD-R or DVD-RW. Hereinafter, the 
recording/reproducing apparatus will be described 
about a case where the DVD-R is employed as the disc- 
like recording medium. 

[0029] First, in the DVD-R31 for use in the disc record- 
ing/reproducing apparatus of this embodiment, as 
shown in Fig.1 , concave wobbling grooves 32 and con- 
vex lands 33 are formed spirally or coaxially on a face 
of a transparent substrate 38 alternately by injection 
molding or the like. 

[0030] Pigment film 35 is formed on the wobbling 
groove 32 and the land 33 as data recording layer. Light 
beam B for recording modulated corresponding to data 
which should be recorded (hereinafter referred to as re- 
cording data) in the DVD-R31 is irradiated on the pig- 
ment film 35 from the other side of the substrate 38 so 
as to generate a pit string depending on the recording 
data irreversibly. Thus, the optical disk is a write-once 
one. 

[0031] This DVD-R31 has the wobbling groove 32 
wobbled depending on the wobbling signal containing a 
predetermined frequency component. The DVD-R31 is 
an optical disc of so-called groove recording type and a 
place where this wobbling groove 32 is generated is set 
up as a data-recording track for recording the aforemen- 
tioned recording data. 

[0032] In this DVD-R31 , a prepit 34 in which, for ex- 
ample, address information (absolute position Informa- 
tion) or the like on a disc face is recorded, is generated 
in the land 33 between the adjacent wobbling grooves 

32. 

[0033] Further, gold evaporated film 36 is generated 
below the pigment film 35. In the DVD-R31 , when repro- 
ducing recording data recorded in the data recording 
track, light beam B for reproduction irradiated on the da- 
ta recording track is ref lectedby this gold evaporated film 
36 at ahigh reflection factor. Further, protective film 37 
is formed under the gold evaporated film 36. 
[0034] When recording data in such DVD-R31 , a wob- 
bling frequency is detected from the wobbling groove 32 
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provided as the data recording track and the DVD-R31 
is driven based on this wobbling frequency. Address in- 
formation and the like are detected from the prepit 34, 
a recording position is detected based on this address 
information and then the recording data is recorded in 
this wobbling groove 32. 

[0035] When recording data, light beam B for record- 
ing modulated corresponding to the recording data is ir- 
radiated such that the center of the light spot coincides 
with the centerline of the wobbling groove 32. Conse- 
quently, a pit string corresponding to the recording data 
is generated in the. data- recording track on the wobbling 
groove 32 so as to record data. The size of the light spot 
of the light beam B for recording is set such that as 
shown in Fig.1 , part of the light beam is irradiated to not 
only the wobbling groove 32 but also the adjacent lands 
33. 

[0036] Part of the reflected light from the light spot SP 
formed on the land 33 is received by a photo detector 
divided by optically parallel dividing line to the tangent 
line of the wobbling groove 32, that is, a rotation direc- 
tion of the DVD-R31 and then, for example, a push-pull 
signal is generated based on the output of this photo 
detector and subjected to tracking servo. Further, the 
wobbling signal of the wobbling groove 32 is extracted 
from the photo detector so as to generate a recording 
clock signal, which will be described later, synchronous 
with a rotation of the DVD-R31 based on this wobbling 
signal. 

[0037] Next, the recording format for the address in- 
formation recorded preliminarily in the DVD-R31 will be 
described with reference to Fig.2. 
[0038] In Fig.2, an upper row indicates a recording for- 
mat for the recording data while waveform in a lower row 
indicates wobbling state (meandering verified as view- 
ing the wobbling groove 32 in a direction perpendicular 
to a disc face) of the wobbling groove 32 for recording 
the recording data. A upward arrow between the upper 
row indicating the recording format for the recording da- 
ta and the lower row indicating the wobbling state of the 
wobbling groove 32 indicates schematically a position 
in which the prepit 34 is to be generated. 
[0039] Meanwhile, the wobbling state of the wobbling 
groove 32 in Fig.2 is expressed with amplitude larger 
than actual amplitude to facilitate understanding there- 
of. Actually, the recording data is recorded on the cen- 
terline of the wobbling groove 32 as described above. 
[0040] As shown in Fig.2, the recording data recorded 
in the DVD-R31 is preliminarily divided to every sync 
frame, which is an information unit . A single recording 
sector is composed of 26 sync frames. A single error 
correcting code (ECC) block is composed of 1 6 record- 
ing sectors. Meanwhile, a sync frame has a length 1 488 
times as long as a unit length T corresponding to a pit 
interval specified by a recording format upon recording 
the recording data. In a portion corresponding to the 
length of 14T at the head of a sync frame, synchronous 
information SY for obtaining synchronism of each sync 



frame is recorded. 

[0041] On the other hand, the address information to 
be recorded in the DVD-R31 is recorded preliminarily in 
each sync frame of the recording data upon manufac- 
5 turing the disc. When the address information is record- 
ed in the DVD-R31 by the prepit 34, a prepit 34 (here- 
inafter referred to as prepit B0) indicated with an arrow 
B0 in Fig.2 is generated to serve as a synchronous sig- 
nal for address information on the land 33 adjacent to a 
10 region in which the synchronous information SY in each 
sync frame of the recording data is recorded and then, 
both or one of the prepits 34 (hereinafter referred to as 
prepit B1 , prepit B2) indicated with arrows B1 , B2 in Fig. 
2 are generated on the land 33 adjacent to a front half 
15 portion excluding the region in which the synchronous 
information SY in each sync frame is recorded, in order 
to indicate the content of the address information to be 
recorded. 

[0042] However, the prepit B1 or B2 may not be gen- 
erated in the front half portion excluding the region in 
which the synchronous information SY in each sync 
frame is to be recorded, depending on the content of the 
address information to be recorded. 
[0043] At this time, in a recording sector, the prepit 34 
is generated in every other sync frame and the address 
information is recorded. In a recording sector, EVEN 
frame and ODD frame continue alternately. If the prepit 
34 is generated in the EVEN frame as indicated with an 
upward arrow of solid line in Fig.2, no prepit 34 is gen- 
erated in the ODD frame. On the other hand, if the prepit 
34 is generated in the ODD frame as indicated with an 
upward arrow of dotted line in Fig.2, no prepit 34 is gen- 
erated in the EVEN frame. 

[0044] When generating the prepit in the EVEN frame, 
all prepits, that is, the prepit B0, prepit B1 , prepit B2 are 
generated in a head sync frame of a recording sector, 
and in sync frames except the head of the recording sec- 
tor, when the address information to be recorded in that 
sync frame is "1 only the prepits B0, B2 are generated 
while when the address information to be recorded is 
"0", only the prepits B0, B1 are generated. 
[0045] Further, when generating the prepit in the ODD 
frame, only the prepits BO, B1 are generated in a head 
sync frame of the recording sector, while in sync frames 
except the head of the recording sector, same condition 
is produced as in the aforementioned EVEN frame. 
[0046] Which sync frame of the EVEN frame or the 
ODD frame the prepit 34 should be generated is deter- 
mined depending on the position of the prepit 34 gener- 
ated on the adjacent land 33 ahead. 
[0047] That is, usually, the prepit 34 is generated in 
the EVEN frame. If the prepit 34 to be generated in the 
EVEN frame 34 overlaps the prepit 34 on the adjacent 
land 33 precedingiy generated in the diameter direction, 
this prepit 34 is generated in the ODD frame. 
[0048] In other words, the prepit 34 is generated such 
that it does not overlap the diameter direction of the 
DVD-R31 between the lands 33 adjacent each other as 
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shown in Fig.3. If the prepit 34 is generated in such a 
manner, there is no opportunity that the prepit 34 is gen- 
erated at a position overlapping the diameter direction 
of the DVD-R between the adjacent lands 33. Thus, 
when detecting the prepit 34, an influence of cross-talk s 
can be reduced. 

[0049] Meanwhile, a sync frame whose head is indi- 
cated with a black belt on the land 33 in Fig.3 is a sync 
frame in which the prepit 34 is generated, while a sync 
frame whose head is indicated with a blank belt is a sync 
frame in which no prepit 34 is generated. 
[0050] On the other hand, the wobbling groove 32 is 
wobbled at a constant wobbling frequency fO (frequency 
in which a wobbling signal corresponding to eight cycles 
of wobbles is contained in a sync frame) of about 1 40 
KHz throughout an entire sync frame. Then, by extract- 
ing this constant wobbling frequency fO by means of a 
disc recording/reproducing apparatus, which will be de- 
scribed later, a signal for controlling a rotation of the 
DVD-R31 is detected and further, a recording clock sig- 
nal is generated. 

[0051] The prep its B0-B2 are generated preliminarily 
at the time of manufacturing a disc in order to make con- 
stant a relation in phase between the prepit 34 and the 
wobbling signal and the prepits B1 , B2 are generated 
every 186T(1488T/8) minutes from the prepit B0. 
[0052] As described above, the prepit 34 is generated 
in the land 33 of every other sync frame, such that it 
does not overlap, in the diameter direction of the DVD- 
RSI , with the adjacent one on the adjacent land 33. 
Therefore, the prepit 34 appears in every 1 6 wobble cy- 
cles of the wobbling groove 32 in two lands 33 adjacent 
a wobbling groove 32 and further, that prepit 34 appears 
alternately on both sides of the wobbling groove 32. 
[0053] Next, Fig .4 is a block diagram showing an en- 
tire disc recording/reproducing apparatus of this embod- 
iment. As shown in Fig. 4, the disc recording/reproducing 
apparatus of this embodiment comprises a pickup 10, a 
reproduction amplifier 11 (AGC) in which a gain is con- 
trolled so as to make an output signal from this pickup 
1 0 at an optimum level, a band pass filter (BPF) for ex- 
tracting a wobbling signal from reproduced data from the 
reproduction amplifier 11 , and a wobbling pulse extract- 
ing portion 22 for correcting the phase period of a wob- 
bling signal extracted by the BPF 27 to an accurate 
phase period. 

[0054] This disc recording/reproducing apparatus fur- 
ther comprises a decoder 12, a prepit signal decoder 
13, a spindle motor 14, a servo circuit 15, a processor 
(CPU) 16, an encoder 17, a power control circuit 18, a 
laser driving circuit 19 and an interface 20. 
[0055] An external unit such as a host computer is 
connected to this disc recording/reproducing apparatus. 
In this case, digital data SRR (recording data) is sup- 
plied to the DVD-R31 through an interface 20 from the 
host computer 21 . 

[0056] In such a disc recording/reproducing appara- 
tus, recording data SRR from the host computer 21 is 



supplied to an encoder 1 7 through the interface 20 and 
then, subjected to encode processing by the encoder 

1 7. After the level is controlled by a power control circuit 

18, it is supplied to a laser driving circuit 19. 

[0057] The laser driving circuit 19 generates a laser 
driving signal SDL corresponding to this recording data 
SRR and supplies this to the pickup 1 0. A recording light 
beam B modulated corresponding to the recording data 
SRR through the pickup 10 is irradiated onto the data- 
recording track of the DVD-R31 , which is driven by a 
spindle motor 1 4. Then, a pit string corresponding to the 
recording data SRR is generated irreversibly on the da- 
ta-recording track of the DVD-R31 , so that writing of the 
recording data is carried out. At this time, the pickup 1 0 
detects light reflected by the DVD-R31 of light beam by 
means of an internal photo detector and supplies this 
detection signal SDT to the reproduction amplifier 11 . 
[0058] The detection signal SDT contains information 
corresponding to the prepit and wobbling frequency of 
the wobbling groove. The reproduction amplifier 11 am- 
plifies this detection signal SDT with a gain controlled 
so as to obtain an optimum output level and outputs pre- 
recording information signal SPP corresponding to the 
prepit and wobbling frequency of the wobbling groove. 
[0059] The decoder 1 2 decodes the amplification sig- 
nal SP by carrying out 8/16 demodulation processing, 
deinterleave processing and the like on the amplification 
signal SP supplied from the reproduction amplifier 11, 
supplies the demodulation signal SDM to the CPU 16 
and supplies the servo demodulation signal SSD to the 
servo circuit 15. 

[0060] The band pass filter 27 (BPF) extracts a wob- 
bling signal from the pre-recording information signal 
supplied from the reproduction amplifier 1 1 and supplies 
this to a wobbling pulse extracting portion 22. The wob- 
bling pulse extracting portion 22 makes constant the 
phase period of the wobbling signal supplied from the 
BPF 27 as described later and supplies this to the servo 
circuit 15, the prepit signal decoder 13 and the encoder 
1 7 as a recording clock. 

[0061] The prepit signal decoder 13 extracts only a 
signal component of the prepit signal in the prepit 34 
from the prepit recording information signal SPP. Then, 
the signal component of this extracted prepit signal is 
supplied to the servo circuit 15 and the wobbling pulse 
extracting portion 22 as the prepit detection signal SP- 
DT. The prepit signal decoder 1 3 decodes a signal com- 
ponent of the extracted prepit signal and supplies it to 
the CPU 16 as the demodulated prepit signal SPD. 
[0062] Further, the prepit signal decoder 1 3 detects a 
syncronous pattern (land prepit sync: LPP_sync) re- 
corded at every 16 periods of the wobbling signal from 
the extracted prepit signal as described with reference 
to Fig. 3 and supplies this to the wobbling pulse extract- 
ing portion 22. 

[0063] The servo circuit 1 5 generates a pickup servo 
signal SSP for carrying out focus servo control, tracking 
servo control and access control based on the prepit sig- 
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nalSPDT supplied from the prep it signal decoder 13 and 
on the servo demodulatio n signal SSD supplied from the 
decoder 12 and supplies this pickup servo signal SSP 
to the pickup 10. 

[0064] Further, the servo circuit 15 generates a spin- 5 
die servo control signal SSS for controlling a rotation of 
the spindle motor 14 based on the recording clock sup- 
plied from the wobbling pulse extracting portion 22 and 
supplies this spindle servo control signal SSS to the 
spindle motor 14. 

[0065] The interface 20 carries out interface operation 
for fetching the recording data SRR supplied from the 
host computer 21 into an appropriate disc recording/re- 
producing apparatus and supplies the fetched recording 
data SRR to the aforementioned encoder 1 7. 
[0066] Next, generation operation for the recording 
clock In the disc recording/reproducing apparatus of this 
embodiment will be described. Fig.5 Is a diagram show- 
ing the structure block of the aforementioned wobbling 
pulse extracting portion 22 and part of the servo circuit 
15 in the disc recording/reproducing apparatus of this 
embodiment. 

[0067] In Fig.5, a block surrounded by a dotted line is 
a block diagram showing the wobbling pulse extracting 
portion 22. in this wobbling pulse extracting portion 22, 
after binarizing the wobbling signal from the aforemen- 
tioned BPF 27 and removing noise, wobbling pulse 
(WBLPOLJ) is supplied to a period accumulating por- 
tion 50. To this period accumulating portion 50 is sup- 
plied land prepit sync (LPP_sync) from the prepit signal 
decoder 1 3 and also supplied a reference signal (Clock 
2) obtained by dividing a reference clock (Clock 1 ) from 
an oscillator^not shown) into 1/4 by a divider 51. The 
reference clock (Clock 2) obtained by dividing into 1/4 
is a reference clock having a period extremely shorter 
than that of the wobbling signal. 
[0068] The period accumulating portion 50 starts 
count of the reference clock (Clock 2) obtained by the 
1 /4 division at a timing of an edge of the wobbling pulse 
(WBLPOLJ) supplied just before the land prepit sync 
(LPP_sync) is supplied and supplies a count value 
(measured value m) corresponding to plural prepit peri- 
ods (1 6 x i) of the wobbling pulse to an average period 
detecting circuit 52 and a LPP^^^, generating circuit 
53. 

[0069] The average period detecting circuit 52 calcu- 
lates a reference clock number n corresponding to the 
average period of the wobbling pulse by dividing a count 
value sent from the period accumulating portion 50 by 
accumulated wobbling period (16 periods) x prepit pe- 
riod (i) (m/{(1 6 x i)/4} = n) and supplies this result to the 
divider 54. 

[0070] More specifically, a period between the prepits 
preliminarily recorded in the land 33 is 1 6-wobble period 
as described with reference to Fig. 3 (1 prepit period = 
1 6-wobble period). Further, the count period (i) of the 
prepit period in the period accumulating portion 50 is 
variable to, for example, 1 prepit period - 1 3 prepit period 



(i = 1 -13) and the like. 

[0071] If the count period number is set up to i = 5 
period, the period accumulating portion 50 supplies a 
count value of the reference clock (Clock 2) correspond- 
ing to this 5 period, and if the count period number is set 
up to i = 12 period, supplies a count value of the refer- 
ence clock (Clock 2) corresponding to this 12 period to 
the average period detecting circuit 52 and the like. 
[0072] If the count period number is set up to, for ex- 
ample, 5 period, the average period detecting circuit 52 
divides the count value sent from the period accumulat- 
ing portion 50 by "1 6 x 5" so as to calculate an average 
value n (an average count value corresponding to a 
wobbling pulse in a prepit period) of the count value cor- 
responding to a prepit period and supplies this result to 
the divider 54. If the count period number is set to 12 
period, the average period detecting circuit 52 divides a 
count value sent from the period accumulating portion 
50 by "16 x 12" so as to calculate a reference clock 
number n corresponding to the average period of the 
wobbling pulse and supplies this result to the divider 54. 
[0073] If the average value n is supplied from the av- 
erage period detecting circuit 52, the divider 54 registers 
this and after that, carries out generating operation for 
the wobbling pulse (WBLPOL_0) using this average 
value n. 

[0074] That is, the divider 54 is supplied with the ref- 
erence clock (Clock 1 ) supplied to the divider 51 also in 
order to divide the reference clock number correspond- 
ing to an average period of the wobbling pulse so as to 
have a substantially same period as the wobbling signal . 
This reference clock (Clock 1) is divided by the afore- 
mentioned registered average value n to generate an 
accurate constant-period wobbling pulse (WBLPOL_0) 
and then, this is supplied to a phase comparator 61 and 
an AC phase shifter 62 in the servo circuit 15. 
[0075] Because 1 prepit period = 16 wobble period as 
described previously, a period fluctuation is caused by 
the prepit at every 1 6 wobble periods in the wobbling 
signal extracted by the BPF 27. Assuming that a rotation 
speed of the DVD-R31 is of a constant linear speed, the 
period fluctuation of plural prepit periods (1 6 wobble pe- 
riod x i) measured by the average period detecting cir- 
cuit 52 is extremely smaller than the period fluctuation 
of a prepit period. Thus, if the count value (total time) of 
the plural prepit periods is divided by the accumulated 
prepit periods so as to calculate an average prepit peri- 
od and this average prepit period signal is outputted 
from the divider 54 as the wobbling pulse (WBLPOL_0) 
as mentioned in this embodiment, a wobbling pulse hav- 
ing an accurate period, deprived of the period fluctuation 
due to the prepit, can be generated and outputted. 
[0076] Fig. 6 shows the period fluctuation of the wob- 
bling signal outputted from the BPF 27 and Fig. 7 shows 
the period fluctuation of a wobbling pulse averaged by 
the wobbling pulse extracting portion 22. It will be ap- 
parent from these Figs. 6, 7 that the period fluctuation 
of the wobbling signal has been improved to, for exam- 
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pie, 1/40 by averaging the wobbling pulse with the wob- 
bling pulse extracting pulse-extracting portion 22. Be- 
cause the period fluctuation due to the prepit is ab- 
sorbed by averaging as the prepit period number to be 
accumulated increases, its improvement rate is raised. 
[00771 An oscillation period of the divider 54 is updat- 
ed at every prepit period with a reset signal shown in 
Fig.5 or at every predetermined prepit period such as 
every 3 prepit period, every 5 prepit period. 
[0078] More specifically, in case where the oscillation 
period of the divider 54 is updated at every prepit period, 
a reset signal is supplied to the divider 54 at every prepit 
period, so that the average value n in a register is re- 
written at every prepit period. When the oscillation peri- 
od of the divider 54 is updated at every predetermined 
prepit period, a phase reset signal is supplied to the di- 
vider 54 at every predetermined prepit period, so that 
the average value n within the register is rewritten at 
every predetermined prepit period. The oscillation peri- 
od of the divider 54 may be updated appropriately de- 
pending on the period fluctuation of the wobbling signal. 
[0079] By updating the oscillation period of the divider 
54 appropriately, the oscillation period can be updated 
corresponding to a period fluctuation of the wobbling 
signal due to a change in linear speed caused by a disc 
eccentricity or the like, so that a wobbling pulse having 
a more accurate period can be generated. 
[0080] Meanwhile, updating of the oscillation period 
in the divider 54 may be carried out at every period in- 
teger times a prepit period. 

[0081] Although ^a gain of the reproduction amplifier 
1 1 shown in Fig. 4 is automatically adjusted by AGC con- 
trol (automatic gain control) under the supervision of the 
CPU 16, a large period fluctuation occurs in the wob- 
bling signal due to an influence of AGC response time 
(for example, about 20Q\i& - ) at the time of change-over 
from recording time to reproduction time and change- 
over from reproduction time to recording time. Thus, the 
CPU 16 stops updating of the oscillation period of the 
divider 54 for a predetermined time (until the AGC 
comes to respond accurately) at the time of change-over 
from recording time to reproduction time and change- 
over from reproduction time to recording time. 
[0082] Consequently, even at the time of change-over 
from recording time to reproduction time and change- 
over from reproduction time to recording time, the wob- 
bling pulse (WBLPOL_0) can be outputted at an oscil- 
lation period based on the average value n memorized 
preliminarily in a register of the divider 54 during an in- 
terval in which the updating is halted for a predetermined 
time. Thus, even if a large period fluctuation occurs in 
the wobbling signal due to an influence of the AGC re- 
sponse time (for example, 200u>s - ), an accurate wob- 
bling pulse (WBLPOL_0) can be outputted without be- 
ing affected by this period fluctuation. 
[0083] Further, a stabilized wobbling pulse can be 
generated at an accurate phase period without using 
such a complicated circuit as a PLL and the like and cost 



of the disc recording/reproducing apparatus can be re- 
duced by simplification of the circuit structure. 
[0084] Next, the wobbling pulse (WBLPOL_0) gener- 
ated by the wobbling pulse extracting portion 22 is sup- 
5 plied to the phase comparator 61 and the AC phase 
shifter 62 in the servo circuit 15 shown in Fig.5. 
[0085] A prepit detection output appears at a timing 
of the phase 90° in the wobbling signal and a LPP^^^ 
generating circuit 53 generates a phase comparison 

10 timing signal based on the wobbling pulse (WBLPOLJ) 
from the BPF 27 supplied to the wobbling pulse extract- 
ing portion 22 and a count value (measured value m) 
from the period accumulating portion 50 and then sup- 
plies it to the phase comparator 61 . 

is [0086] The phase comparator 61 compares the wob- 
bling pulse (WBLPOL_0) from the wobbling pulse ex- 
tracting portion 22 with a detection signal of the land pre- 
pit (LPP) at such a timing when a phase comparison tim- 
ing signal from the LPP wlndow generating circuit 53 is 

20 supplied, and detects an error in phase between the 
phase of the wobbling pulse (WBLPOL_0) and the 
phase of the detection signal of the land prepit (LPP) 
and then supplies this phase error signal to the AC 
phase shifter 62. 

25 [0087] The AC phase shifter 62 shifts the phase of the 
wobbling pulse (WBLPOL_0) from the wobbling pulse 
extracting portion 22 depending on this phase error so 
as to match the phase of the wobbling pulse 
(WBLPOL_0) from the wobbling pulse extracting por- 

30 tion 22 with the phase of the detection signal of the land 
prepit (LPP) and then supplies this to the PLL circuit 63. 
[0088] The PLL circuit 63 locks the phase of the wob- 
bling pulse in which the phase is matched by this AC 
phase shifter 62 and supplies this to the pickup 1 0 and 

35 the like shown in Fig. 4 as a recording clock (WTCLK). 
Consequently, a recording clock (WTCLK) having an ac- 
curate phase synchronous with the phase of the prepit 
can be generated, so that the recording data can be re- 
corded with the recording clock (WTCLK) having the ac- 

40 curate phase. 

[0089] Meanwhile, although the generation operation 
of the wobbling pulse and the generation operation of 
the recording clock at the time of data recording have 
been described above, in the generation operation of 

45 the wobbling pulse, the wobbling pulse is generated 
even at the time of data reproduction like at the time of 
recording. For the details, see the above description 
about the recording time. 

[0090] As described above, the recording/reproduc- 
50 jng apparatus of the present invention can generate the 
wobbling pulse by suppressing the period fluctuation. 
For the reason, the recording clock and the reproduction 
clock can be generated based on the wobbling pulse 
having an accurate period, so that accurate recording 
55 and reproduction of information are enabled. 

[0091] Further, because the wobbling pulse having an 
accurate phase period can be generated without use of 
such a complicated circuit as a PLL circuit, the structure' 
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of the recording/reproducing apparatus can be simpli- 
fied, thereby achieving reduction of production cost. 
[0092] It should be understood that many modifica- 
tions and adaptations of the invention will become ap- 
parent to those skilled in the art and it is intended to en- 
compass such obvious modifications and changes in 
the scope of the claims appended hereto. 



Claims 

1 . A recording and reproducing apparatus for record- 
ing and reproducing information in and from a disc- 
like recording medium including recording tracks 
each wobbled according to a predetermined fre- 
quency and information recording portions in which 
at least address information is recorded at a prede- 
termined wobbling period interval, the recording 
and reproducing apparatus comprising: 

wobbling signal extracting means (27) for ex- 
tracting a wobbling signal from a reproduction 
output from the disc-like recording medium; 
reference clock generating means (51 ) for gen- 
erating a reference clock having a period short- 
er than the period of the wobbling signal; 
count means (50) for binarizing the wobbling 
signal extracted by the wobbling signal extract- 
ing means (27) to obtain a wobbling pulse and 
for counting and accumulating the number of 
pulses of the reference clockfrom the reference 
clock generating means (51 ) for predetermined 
periods of the wobbling pulse to obtain a count 
value; 

dividing means (52) for obtaining an average 
count value corresponding to an interval of an 
averaged period of the wobbling pulse by divid- 
ing the count value from the count means (50) 
with the number of the predetermined periods; 
and 

wobbling pulse generating means (54) for gen- 
erating a wobbling pulse having a constant pe- 
riod as a recording and reproducing clock sig- 
nal by dividing the reference clock based on the 
average count value. 

2. A recording and reproducing apparatus according 
to claim 1 wherein at every second predetermined 
periods of the wobbling pulse, processing with the 
count means (50) and the dividing means (52) are 
carried out so as to update the average count value. 

3. A recording and reproducing apparatus according 
to claim 2 wherein at the time of change-over from 
recording of information to reproduction and 
change-over from reproduction of information to re- 
cording, updating of the average count value is not 
carried out for a predetermined time. 



4. A recording and reproducing apparatus according 
to claim 1 wherein the count means <50) starts ac- 
cumulation and count of the reference clocks from 
a beginning of a wobbling pulse at a timing imme- 

5 diate before a wobbling pulse at a timing corre- 

sponding to a detection of the information recording 
portion. 

5. A recording and reproducing apparatus according 
10 to claim 1 further comprising a phase adjusting 

means (53, 61, 62, 63) for adjusting the phase of 
the generated wobbling pulse having the constant 
period with respect to a recording timing of informa- 
tion recorded in the information recording portion. 

15 

6. A recording apparatus for recording information in 
a disc-like recording medium including recording 
tracks each wobbled according to a predetermined 
frequency and information recording portions in 

20 which at least address information is recorded at a 
predetermined wobbling period interval, the record- 
ing apparatus comprising: 

wobbling signal extracting means (27) for ex- 
25 tracting a wobbling signal from a reproduction 

output from the disc-like recording medium; 
reference clock generating means (51) for gen- 
erating a reference clock having a period short- 
er than the period of the wobbling signal; 
30 count means (50) for binarizing the wobbling 

signal extracted by the wobbling signal extract- 
ing means (27) to obtain a wobbling pulse and 
for counting and accumulating the number of 
pulses of the reference clock from the reference 
35 clock generating means (51) for predetermined 

periods of the wobbling pulse to obtain a count 
value; 

dividing means (52) for obtaining an average 
count value corresponding to an interval of an 

40 averaged period of the wobbling pulse by divid- 

ing the count value from the count means with 
the number of the predetermined periods; and 
wobbling pulse generating means (54) for gen- 
erating a wobbling pulse having a constant pe- 

*s riod as a recording clock signal by dividing the 

reference clock based on the average count 
value. 

7. A reproducing apparatus for reproducing informa- 
so tion from a disc-like recording medium including re- 
cording tracks each wobbled according to a prede- 
termined frequency and information recording por- 
tions in which at least address information is record- 
ed at a predetermined wobbling period interval, the 

55 recording and reproducing apparatus comprising: 

wobbling signal extracting means (27) for ex- 
tracting a wobbling signal from a reproduction 
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output from the disc-like recording medium; 
reference clock generating means (51 ) for gen- 
erating a reference clock having a period short- 
er than the period of the wobbling signal; 
count means (50) for binarizing the wobbling 5 
signal extracted by the wobbling signal extract- 
ing means (27) to obtain a wobbling pulse and 
for counting and accumulating the number of 
pulses of the reference clock from the reference 
clock generating means (51 ) for predetermined io 
periods of the wobbling pulse to obtain a count 
value; 

dividing means (52) for obtaining an average 
count value corresponding to an interval of an 
averaged period of the wobbling pulse by divid- is 
ing the count value from the count means with 
the number of the predetermined periods; and 
wobbling pulse generating means (54) for gen- 
erating a wobbling pulse having a constant pe- 
riod as a reproducing clock signal by dividing 20 
the reference clock based on the average count 
value. 



A recording and reproducing method for recording 
and reproducing information in and from a disc-like 25 
recording medium including recording tracks each 
wobbled according to a predetermined frequency 
and information recording portions in which at least 
address information is recorded at a predetermined 
wobbling period interval, the method comprising the 30 
steps of: 



extracting a wobbling signal from a reproduc- 
tion output from the disc-like recording medium; 
generating a reference clock having a period 35 
shorter than the period of the wobbling signal; 
binarizing the extracted wobbling signal to ob- 
tain a wobbling pulse; 

counting and accumulating the number of puls- 
es of the reference clock for predetermined pe- 40 
riods of the wobbling pulse to obtain a count 
value; 

obtaining an average count value correspond- 
ing to an interval of an averaged period of the 
wobbling pulse by dividing the count value with 45 
the number of the predetermined periods; and 
generating a wobbling pulse having a constant 
period as a recording and reproducing clock 
signal by dividing the reference clock based on 
the average count value. 50 
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